The basis for the degrees of equivalence of national primary standards for absorbed dose to water in accelerator photon beams established by the BIPM.RI(I)-K6 comparison was adopted by the Consultative Committee for Ionizing Radiation in May 2013. 
Introduction
The key comparison BIPM.RI(I)-K6 of standards for absorbed dose to water in high-energy photon beams using the BIPM calorimeter standard [1, 2] , was initiated in 2008 [3] . The first comparison was carried out in 2009; five comparisons have been made to date [4 -8] and an additional seven comparisons are presently scheduled.
The results of the BIPM.RI(I)-K6 comparison provide the technical basis for degrees of equivalence [9] in the BIPM Key Comparison Data Base (KCDB) [10] . This report describes the key comparison reference value (KCRV) and the basis for the degrees of equivalence of national primary standards for absorbed dose to water in accelerator photon beams established by the BIPM.RI(I)-K6 comparison, as adopted by the Consultative Committee for Ionizing Radiation (CCRI) in May 2013 [11] .
Comparison Results
The BIPM.RI(I)-K6 is an on-going key comparison for NMIs having a primary standard for absorbed dose to water (D w ) for high-energy photon beams. These comparisons are carried out on-site in the accelerator beams of the NMIs (or in another NMI accelerator beam if the NMI in question has no accelerator). The BIPM transports its equipment to the NMI and makes a direct determination of the absorbed dose to water (D w,BIPM ) for each accelerator beam quality using its graphite calorimeter [12] . Before the comparison takes place, the NMI determines the absorbed dose to water for the same beam quality using its primary standard (D w,NMI ). During the comparison it realizes this standard using a calibrated ionization chamber transfer standard. The absorbed dose measured using the transfer standard thus represents the NMI determination.
The comparison result is represented by the ratio R and the combined standard uncertainty, u c (R):
where u c (comp) represents added uncertainties arising from the comparison procedure and u r (NMI,BIPM) the identified contribution due to correlations.
The Technical Protocol defines three nominal energy ranges for the comparison [12] . They are expressed in terms of the tissue phantom ratio TPR 20,10 as summarized in Table 1 . A comparison result is therefore determined for each of the three ranges.
Key Comparison Reference Value for BIPM.RI(I)-K6
For the BIPM.RI(I)-K4 comparison of absorbed dose to water in 60 Co beams, the key comparison reference value is the BIPM ionometric determination of absorbed dose to water (D w,ion ), realized using a primary standard parallel plate ionization chamber.
Over the past three years, the BIPM has also used its calorimetric standard to measure the absorbed dose to water in its 60 Co reference beam (D w,calo ); the statistical standard uncertainty of the mean value is 4 parts in 10 4 . The relative difference between the calorimetric and ionometric BIPM determinations of absorbed dose to water is currently evaluated to be less than 1 part in 10 3 . However, a higher activity 60 Co source has recently been installed at the BIPM and in 2013 measurements will be carried out using both the ionometric and calorimetric methods to re-establish both determinations of D w in the new facility.
Nevertheless, it is clear that the magnitude of the difference is small and furthermore this difference has no influence on the evaluation of degrees of equivalence between pairs of NMIs. For these reasons, and in keeping with the decisions of the CCRI regarding the K1, K2, K3, K4, K5 and K7 comparisons, the CCRI decided on its 24th meeting in 2013 to adopt as the key comparison reference value for the BIPM.RI(I)-K6 comparison the BIPM calorimetric determination of absorbed dose to water, i.e. the value determined by the BIPM on-site at the NMI accelerator.
Principle for Evaluating the Degrees of Equivalence
As a consequence of this choice of the KCRV, it follows that for each NMI i having a BIPM comparison result R i with a combined standard uncertainty u i , the degree of equivalence with respect to the KCRV is given by a pair of terms D i and U i :
These terms represent the relative difference and the expanded uncertainty (k = 2) of this difference.
The results of the first four comparisons in this series [4 -7] were published or had reached the Draft B report stage before the CCRI decision of May 2013 [3] ; the comparison reports to be published after that date will each contain information on the accumulated degrees of equivalence. Further, the Key Comparison Data Base (KCDB) will be successively updated to include the most recent data. The degrees of equivalence D i for each of the NMIs having participated before June 2012, i.e. the NRC, the PTB, the NIST and the LNE-LNHB, are listed in 5.3 for the three ranges of TPR 20,10 and represented graphically in Figure 1 (cf. 5.4).
It should be noted that the CCRI decided at its 22nd meeting in 2011 that pair-wise degrees of equivalence will no longer be evaluated in the KCDB, but that comparison reports must contain sufficient information for their subsequent evaluation [13] .
A particular problem for the BIPM.RI(I)-K6 comparison is the beam quality. Each NMI has its own selection of nominal accelerator photon beam energies and these are not the same. Furthermore, the TPR 20,10 can differ significantly for the same nominal accelerator energy. Therefore, the use of the nominal accelerator energy has been avoided and instead the measured TPR 20,10 has been used to characterize the beam quality. As discussed above in relation to the Technical Protocol, the full range of TPR 20,10 values in normal use at the NMIs has been divided into the three ranges shown in Table 1 and each NMI has a degree of equivalence with respect to the key comparison reference value within each of the three defined ranges of TPR 20,10 (assuming that a comparison was made in this range; the NIST, for example, did not make a comparison in the middle range). Further, to allow for an interpretation of the range in terms of percentage dose depth (PDD), approximate values have been calculated using the conversion equation developed by Rogers [14] as indicated in Table 1 . 
The Degrees of Equivalence as of May 2013
The following paragraphs indicate the KCDB equivalence statement (5.1) and list the individual laboratory measurement results of the NRC, the PTB, the NIST and the LNE-LNHB in the format used for the KCDB (5.2). The degrees of equivalence (5.3) have been calculated according to equations (2) and (3). The graph of equivalence (5.4) shows the degrees of equivalence for each NMI.
It should be noted that in [4 -6] the results are reported with three decimals, while in [7] they are reported with four. For this reason, in order to provide similar information in the KCDB, all listed results and uncertainties in 5.2 are given with four decimals; the degrees of equivalence and expanded uncertainties in 5.3 are given in mGy/Gy with one decimal. Future reports for the BIPM.RI(I)-K6 series will follow this format. 
